In this study, some new sulfanyl-substituted amino 1,4-naphthoquinone derivatives which possess two electron-donating groups in the amino fragment were synthesized and their structures were analyzed by spectroscopic techniques. First, 2-chloro-3-[(2,4-dimethoxyphenyl)amino]naphthalene-1,4-dione (3a) and 2-chloro-3-[(3,5-dimethoxyphenyl)amino]naphthalene-1,4-dione (3b) were obtained from the reactions of dichloro-1,4-naphthoquinone (1) with 2,4-dimethoxyaniline and 3,5-dimethoxyaniline. In the following step, the compounds 3a,b were reacted with aliphatic nucleophiles; ethyl-, 1-propyl-, and 1-pentyl mercaptan. S-nucleophiles attacked the carbon atom of 1,4-naphthoquinone core and displaced the chlorine atom to create target molecules; 2-arylamino-3-(ethylthio)naphthalene-1,4-dione (5a,b), 2-arylamino-3-(propylthio)naphthalene-1,4-dione (5c,d), 2-arylamino-3-(pentylthio)naphthalene-1,4-dione (5e,f) derivatives. The structures of the synthesized compounds were elucidated by utilizing 1D and 2D NMR techniques with additional spectroscopic data (mass and FTIR).
INTRODUCTION
Quinoic structures are quite valuable compounds because of having a wide range of applications.
Such compunds allow electronic transition between molecules due to their reduction states. They have three oxidation states; one state is quinone, another state is semiquinone, which is oneelectron reduced form of quinone, and the last one is also catechol or hydroquinone which is two-electron reduced form of quinone. These different oxidation states of quinone structures make them very crucial for chemical science (1) . For instance, the reduction properties of quinones stand out in the field of energy storage. Quinones give reversible redox reactions at high potential. Although they are not practical because of their insolubility in electrolyte solutions, quinones are able to use as electron-active species in flow battery (2-5).
Quinones have not only some practices in the field of energy storage but also have biological effects such as antitumor, antifungal, antibacterial, and phytotoxic activities. Salinisporamycin and hygrocin A, containing 1,4-napthoquinone core, have antimicrobial and anticancer effects (6, 7) . In particularly, since the test results of these naphthoquinone derivatives presenting low cytotoxic effects, the interest of synthesis of new naphthoquinone compounds has increased.
The amino 1,4-naphthoquinone structure plays a key role for synthesis of many bioactive molecules. It is possible to see amino and thioether derivatives of 1,4-naphthoquinone in the impressive bioactivity studies. They have a variety of pharmacological properties such as antibacterial, antifungal, antiviral, anti-inflammatory, and anti-cancer (1, (8) (9) (10) (11) (12) . Some sulfanylamino-1,4-naphthoquinone derivatives have been evaluated against a full panel of 60 primary human tumor cell lines derived from nine human cancer types. Among the tested compounds, it has been observed that the structure I affects the growth of two colon cancer cells, HCT116 and HCT15, and of two leukemia cells, MOLT-4 and SR. The structure II has also low cytotoxicity against the NCI-H23 cancer line (9) (Figure1) In previous studies, the effect of the electron-withdrawing groups on the biological activity of molecule has been investigated and the results of these studies have showed that amino-and/or sulfanyl-derivatives of 1,4-naphthoquinone act as good antibacterial and antifungal agents against different pathogens. The sort of electron-withdrawing group(s) and also their position(s) in the amine ring have an influence upon the activity (8, 10, 13, 14) . In this study, some novel sulfanylamino-1,4-naphthoquinone derivatives have been obtained from the nucleophilic substitution reactions of 1,4-napthoquinones possessing an aryl amine substituent which has two electron donating groups, in the 2,4-and 3,5-positions of phenyl ring, with alkyl mercaptans.
The products have been purified by column chromatography and characterized by FTIR, 1D/2D
NMR and mass spectroscopy.
MATERIALS AND METHODS
All reagents were commercially obtained from commercial suppliers and used without further purification unless otherwise noted. The purity of reaction products was routinely monitored by thin-layer chromatography on analytical thin layer chromatography (TLC), which was purchased 
General Procedure:
In this study, two types of synthetic procedures were used to obtain substituted 1,4-naphthoquinone derivatives.
General Procedure for Preparation of the 2-arylamino 1,4-naphthoquinone Derivatives (3a-b)
2-Chloro 
General Procedure for Preparation of the 2-arylamino-3-sulfanyl-1,4-naphthoquinone Derivatives (5a-f)
2-Arylamino-3-chloro-1,4-naphthoquinone derivatives (3a,b) (1 mmol) and the aliphatic thiols (4a-c) (1.5 mmol) in the presence of Et3N were stirred in CHCl3 (5 mmol) at room temperature for 6-8 hours. The resulting solution was extracted with 100 mL chloroform then washed with water (3x100 mL) and dried over calcium chloride. The solvent was removed in vacuo. The purification of product was subjected to column chromatography on silica gel using a proper solvent mixture such as chloroform-petroleum ether (2:1 or 3:1, v/v). 
2-(2,4-Dimethoxyphenylamino)-3-(ethylthio)naphthalene-1,4-dione

2-(2,4-Dimethoxyphenylamino)-3-(pentylthio)naphthalene-1,4-dione 5e was synthesized from
2-chloro-3-[(2,4-dimethoxyphenyl)amino]naphthalene-1,4-dione (3a) and pentan-1-thiol (4c)
as a dark purple-colored viscous product by using the general procedure. Yield: 0.08 g, 67%. Calcd. for C23H25NO4S (411.51). 
FTIR (ATR) (cm
2-(3,5-Dimethoxyphenylamino)-3-(pentylthio)naphthalene-1,4-dione
RESULTS AND DISCUSSION
The general pathway of the synthesis of 2-arylamino-3-sulfanyl-1,4-naphthoquinones (5a-f) was summarized in Scheme 1. The first step was to obtain the starting compounds, 2-chloro-3- which have two bifurcate peaks correlate to e (H 3.82 ppm) and f (H 3.83 ppm) proton signals.
In addition, it is clearly picked out that the aromatic carbons 8 (C 98.8 ppm), 9 (C 103.0 ppm), The mass spectra of the new synthesized compounds shows the molecular ion peak as expected.
CONCLUSION
In this study, the first step was to synthesize the known amino-substituted 1,4-naphthoquinones (3a,b) from the reactions of 2,3-dichloro 1,4-naphthoquinone (1) with 2,4-dimethoxyphenyl amine and 3,5-dimethoxyphenyl amine as described in the literature (1, 13, 15) . After that, these compounds were used as starting materials to obtain novel sulfanyl-substituted amino 1,4-napththoquinone derivatives (5a-f). The newly synthesized compounds were acquired in good yields. The structures of these new naphthoquinone derivatives (5a-f) were elucidated by one-and two-dimensional NMR techniques in which the differences of positions of methoxy groups on the phenyl ring were detected. In addition, mass spectroscopy and FTIR data helped to specify the structures of new compounds.
The amino and thioether derivatives of naphthoquinones have a wide range of biological activities. Therefore, it is predicted that these novel derivatives of 1,4-naphthoquinone (5a-f)
will most probably play a significant role in many biological applications.
